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Abstract 


The  problem  of  fretting  fatigue  is  becoming  more  acute 
as  increasing  demands  are  placed  on  materials.  As  the 
conditions  of  contacting  surfaces  are  of  great  influence 
on  the  fretting  fatigue  process,  a  project  has  been 
initiated  to  investigate  the  influence  of  mechanical 
surface  treatments  on  the  fretting  fatigue  behaviour  of 
steel  specimens.  One  of  the  initial  steps  taken  has 
been  the  development  of  an  experimental  apparatus  and  a 
test  technique  that  allows  the  fretting  and  fatigue  pro¬ 
cess  to  occur  simultaneously.  The  experimental  program 
and  the  apparatus  needed  for  investigating  the  effect 
of  mechanical  surface  treatments  on  fretting. fatigue 
is  described. 

Keywords :  fretting  fatigue,  surface  treatment,  surface 
roughness,  steel,  fatigue  cracks,  grinding,  poli¬ 
shing,  contact  resistance,  magnetic  induction. 
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1 .  Introduction 


Fretting  occurs  where  there  is  repeated  movement  between 
metallic  surfaces  in  contact.  Its  effect  on  fatigue  is 
to  speed  up  the  initiation  of  fatigue  cracks  and  it  can 
be  extremely  damaging.  This  phenomenon  is  called  fret¬ 
ting  fatigue.  Failures  due  to  fretting  fatigue  have  be¬ 
come  increasingly  numerous.  Fretting  fatigue  in  techni¬ 
cal  systems  is  recognized  as  a  major  source  of  failure 
in  establishing  and  maintaining  structural  integrity.  It 
frequently  leads  to  high  maintenance  and  inspection 
costs,  increasing  loss  time  and  excessive  retrofit  re¬ 
quirements.  Thus,  durability  and  safety  considerations 
relate  to  the  presence  of  fretting  fatigue.  The  reasons 
for  the  increasing  incidence  of  such  failures  are  the 
greater  demands  placed  on  components,  closer  tolerances, 
and  the  scaling  up  of  existing  plant  to  a  point  where 
movement  at  mating  surfaces  exceeds  the  critical  ampli¬ 
tude  for  fretting. 

Though  intensive  research  activity  will  certainly  clear 
up  many  problems  concerning  fretting  fatigue  in  the  near 
future,  one  practical  question  which  will  still  be  asked 
by  engineers,  remains:  'Can  fretting  fatigue  be  entirely 
eliminated  by  careful  design?' 

The  opinion  of  Waterhouse  /I/  is,  that  like  fatigue  it 
will  be  impossible  to  avoid  fretting  fatigue  but  its 
effects  can  be  minimized. 

As  the  conditions  of  the  contacting  surfaces  has  been 
recognized  as  an  important  factor  in  the  fretting 
fatigue  process,  a  research  program  was  started  to  pro¬ 
vide  information  regarding  the  effects  of  surface  con¬ 
ditions  caused  by  mechanical  surface  treatments  and 
fretting  fatigue  behaviour.  The  primary  purpose  of  this 
research  is  to  determine  the  effect  of  different  surface 
treatments  of  steel  specimens  on  their  fatigue  and  fret¬ 
ting  fatigue  behaviour. 

The  initial  phase  of  the  research  investigation  was  con¬ 
sumed  in  the  development  of  an  experimental  apparatus 
for  the  study  of  fretting  fatigue.  The  following  sec¬ 
tions  describe  the  projected  test  method  and  the  main 
components  and  functioning  of  the  experimental  apparatus. 


/I/  R.B.  Waterhouse,  Fretting  Fatigue,  Materials 
Science  and  Engineering,  25  (1976)  201-296 
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2.  Experimental  objectives 

The  behaviour  of  two  surfaces  in  contact  under  load,  i.e. 
whether  they  behave  elastically  or  plastically,  depends 
to  some  extent  on  the  surface  roughness  and  stress  state. 
These  surface  conditions  are  changed  by  surface  treat¬ 
ments.  As  mating  surfaces  of  structural  parts  are  trea¬ 
ted  in  a  certain  way,  it  is  important  for  service  life 
whether  the  surface  treatment  decreases  or  increases  the 
resistance  against  fretting  fatigue  initiated  damage. 

In  the  projected  investigation, specimens  of  steel  should 
be  tested  in  a  comparative  manner  under  both  uniaxial 
fatigue  loading  and  uniaxial  fatigue  loading  with  super¬ 
imposed  fretting.  Particular  attention  should  be  payed 
to  those  processes  which  lead  to  a  nucleation  of  fatigue 
cracks,  whereas  the  process  of  crack  propagation  is 
considered  to  be  of  minor  interest  because  the  state 
of  surface  is  of  less  influence  on  crack  propagation. 
Through  variation  of  parameters  of  the  mechanical  surface 
treatment  (grinding,  polishing)  information  should  be 
gained  which  are  of  high  interest  for  the  field  of  prac¬ 
tice  as  they  indicate  steps  to  reduce  damage  by  fretting 
fatigue . 

In  addition  to  the  standard  methods  to  measure  normal 
and  tangential  forces,  stresses,  displacements  etc. 
the  effects  should  be  studied  by  electric,  magnetic  and 
thermal  measuring  technics.  It  is  believed  that  addi¬ 
tional  insight  could  be  achieved  with  regard  to  the 
fretting  fatigue  process  from  these  special  measurements. 
The  magnetic  and  electric  measuring  methods  should  be 
utilized  for  the  nondestructive  and  continuous  detection 
of  the  damaging  processes.  Thus  the  given  possibility  of 
the  early  detection  of  a  stress  induced  damage  of  ma¬ 
terial  should  permit  the  experimental  detection  of  the 
elementary  processes  which  leads  to  fretting  fatigue  da¬ 
mage  by  further  methods  of  investigation.  As  the  beha¬ 
viour  of  two  surfaces  in  contact  under  load  depends  to 
some  extent  on  the  surface  topography  or  the  surface 
roughness,  the  surface  topography  and  its  change  caused 
by  cyclic  stressing  should  be  investigated  by  means  of 
light  and  scanning  electron  microscope  and  roughness 
measurements.  Determinations  of  surface  hardness  accord¬ 
ing  to  different  numbers  of  loading  cycles  inform 
about  the  state  of  strain  hardening. 
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3.  Experimental  approach 

To  investigate  the  influence  of  surface  treatments  on 
fretting  fatigue,  the  fretting  fatigue  conditions  occur¬ 
ring  in  practice  were  simulated  in  laboratory  testing  by 
model  tests.  This  method  is  a  more  economical  way  to  be 
successful  than  the  method  of  cost  and  time  expensive 
direct  tests  (test  of  practice) .  The  model  test  is  con¬ 
centrated  on  the  phenomenon  'fretting  fatigue'.  Thus 
the  elementary  damaging  processes  should  be  directly 
accessible  by  experiment. 
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Fig.  1  -  Schematic  diagram  of  fretting  fatigue  test 
setup 

Figure  1  shows  diagramatically  a  typical  fretting  fa¬ 
tigue  situation,  in  this  case  the  test  setup  used  for 
the  experiments.  This  configuration  simulates  a  struc¬ 
tural  joint  in  which  members  represented  by  the  test 
specimen  and  the  fretting  pad  are  attached  by  mechani¬ 
cal  fasteners.  The  normal  load  gives  a  contact  pressure 
at  the  fretted  interface  representing  what  would 
be  created  by  the  fasteners.  In  such  a  situation  the 
fretting  accellerates  fatigue  crack  initiation  and  also 
the  early  stages  of  crack  growth. 
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A  basic  objective  of  the  experimental  work  is  to  use 
materials  and  test  conditions  similar  to  those  found  in 
practice.  Thus  ferromagnetic  steel  should  be  selected 
for  both  the  axially  loaded  test  specimens  and  the  fret 
ting  pads  which  touch  the  flat  specimen  on  one  side. 

The  practical  system  which  should  be  simulated  by  model 
tests  are  the  systems  gear  flange/ shaft  and  bearing 
race/shaft.  Thus  it  is  chosen  as  material  for  specimen 
the  shaft  steel  German  Standard  W. No. 1.6582  which  has 
no  AISI  equivalent.  The  gear  steel  German  Standard 
W. No. 1.5752  (AISI  9314)  and  the  bearing  steel  German 
Standard  W. No. 1.3505  (AISI  52  100)  are  selected  as  ma¬ 
terial  for  fretting  pads. 

The  heat  treatment  of  the  materials  should  be  the  same 
as  in  practice.  The  contact  surfaces  of  specimens  and 
pads  should  be  polished  so  that  pads  and  specimens  will 
have  the  same  surface  roughness. 


Fig.  2  -  Test  specimen.  5  mm  thick,  (dimensions  in  mm) 

The  temporary  specimen  geometry  is  shown  in  Fig.  2,  the 
fretting  pad  in  Fig.  3.  The  cylindrical  fretting  pad 
touches  the  specimen  with  its  shell  along  a  line  contact 
Comparative  tests  without  fretting  should  be  also  con¬ 
ducted  on  specimens  of  the  same  design. 
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Fig.  3  -  Fretting  pad  (dimensions  in  mm) 
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5.  Test  apparatus 

The  fretting  fatigue  machine  was  developed  to  meet  the 
following  requirements: 

1.  The  fatigue  load  would  be  applied  axially. 

2.  The  mean  load,  alternating  load,  normal  load, 
relative  surface  displacements,  friction  load, 
and  frequency  would  be  controllable  and  moni- 
tored  throughout  each  test. 
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It  was  decided  that  the  basic  fatigue  unit  should  be  an 
electrohydraulic  servocontrolled  unit  to  provide  the 
greatest  versatility  and  sensitivity.  Consequently,  a 
servo  hydraulic  testing  machine  under  closed  loop  con¬ 
trol  is  used  to  apply  axial  loads  to  the  specimen.  The 
peak  load  of  the  testing  machine  is  40  kN.  The  frequen¬ 
cy  of  the  push  pull  loading  ranges  from  0  Hz  to  150  Hz. 
The  load  unit  assembly  consists  of  a  two-column  load 
frame,  a  servo-hydraulic  actuator,  and  a  strain  gage 
load  cell.  The  strain  gage  load  cell  is  mounted  on  the 
crosshead  to  sense  load  and  produces  an  electrical  sig¬ 
nal  for  readout  and  switchable  feedback  in  the  servo 
control  loop.  Hydraulically  actuated  grips  provide 
self-aligning  of  the  specimens  with  rapid  specimen  in¬ 
sertion.  Chucks  with  insulating  layers  allow  to  isolate 
the  gripped  specimen  from  the  testing  machine.  This  is 
advantageous  for  the  measurement  of  the  electrical  con¬ 
tact  resistance  of  the  fretting  system. 

In  order  to  induce  fretting  in  addition  to  the  axial 
fatigue  loads  applied  by  the  hydraulic  actuator  a 
fretting  arrangement  was  designed  which  is  shown  in 
Fig.  4. 

This  arrangement  is  based  on  the  bridge  principle 
with  one  foot  of  the  bridge  anchored  on  the  upper  spe¬ 
cimen  grip  so  that  all  the  movement  occurs  at  the  other 
foot.  The  unfixed  lower  end  of  the  bridge  carries  the 
cylindrical  fretting  pad,  which  touches  the  midsection 
of  the  specimens  frontside.  The  midsection  of  the  spe¬ 
cimen  is  supported  from  the  backside  by  a  PTFE  block  to 
prevent  bending  and  fretting  on  the  backside  of  the  fa¬ 
tigue  specimen.  The  clamping  load  is  applied  to  the 
bridge  at  its  end  by  a  proving  ring  (not  described  in 
Fig.  4) .  The  friction  parameters  -  normal  and  tangential 
force  and  the  wear  rate  -  were  measured  by  the  strain 
gauge  technique.  The  slip  amplitude  is  changeable  by 
variation  of  the  length  of  the  fretting  bridge  by  means 
of  distance  rings  mounted  between  the  ring  fastener  and 
the  grip  on  the  fixed  side  of  the  bridge.  A  direct 
measurement  of  slip  amplitude  is  provided  for  by  capaci¬ 
tance  gauge  technique. 

It  is  possible  to  insert  a  coil  system  into  the  fretting 
device  for  the  nondestructive  detection  of  damage 
(cracks)  in  an  early  stage  by  means  of  magnetic  induction 
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Fig.  4  -  Schematic  diagram  of  test  apparatus 

1  specimen,  2  fretting  pad,  3  support  bearing, 
4  guide  springs  with  strain  gauges  for  measure¬ 
ment  of  linear  abrasion,  5  guide  springs  with 
strain  gauges  for  measurement  of  tangential 
force,  6  hydraulically  actuated  grips  of  the 
servo  hydraulic  testing  machine,  7  ring 
fastener  for  the  fretting  device 
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6.  Control  of  experiments  and  data  acquisition 


The  process  of  damage  due  to  fretting  fatigue  is  influen¬ 
ced  by  a  large  number  of  variables.  To  investigate  the 
damaging  processes  by  experiments  numerous  adjustments  of 
test  parameters  and  single  measurements  of  various 
variables  are  necessary.  This  task  of  measurement  is 
performed  most  effectively  by  a  largely  automatic  con¬ 
trol  of  the  experimental  arrangements  by  computer.  Some 
of  the  benefits  that  can  be  provided  by  computerized 
testing  are: 


Improved  accuracy 

The  repeatability  of  the  tests  is 
increased  because  the  test  is  con¬ 
trolled  by  a  computer  program  and 
not  by  an  operator,  thus  eliminating 
many  human  errors. 

Improved  efficiency 

Less  time  is  required  for  test  moni¬ 
toring  and  data  reduction.  Fewer  tests 
are  required,  for  they  are  run  right 
the  first  time  and  the  significant 
data  are  properly  recorded. 

More  versatility 

Instead  of  separate  equipment  being 
required  for  specific  tasks  the  compu¬ 
terized  system  can  be  used.  When 
testing  requirements  change,  only  the 
computer  program  is  to  change,  and  not 
the  hardware . 

Increased  capability 

With  a  computer  in  the  system,  the 

ability  is  given  to  complete  tests 

that  may  be  impossible  to  perform 

with  reasonable  accuracy  in  any  other 

way. 

Considering  these  facts  the  control  of  experiments  and 
data  acquisition  is  mastered  by  an  automatic  data  acqui¬ 
sition  system.  The  instrumentation  side  of  the  system 
provides  a  multiplexing  scanner.  Analog  inputs  switched 
by  the  scanner  are  connected  to  a  voltmeter  for  measure¬ 
ment  and  conversion  to  a  digital  signal.  Two  voltmeters 


are  provided  for  in  the  system  to  cover  a  wide  range  of 
measurement,  speed,  accuracy,  and  resolution.  The  central 
control  unit  is  the  programmable  desk  top  computer 
HP  9825  T.  This  computer  controls  the  experiments  and 
measurements  being  made,  processes  the  acquired  data, 
and  outputs  the  results  in  a  suitable  format.  A  thermal 
printer  and  a  graphics  plotter  belong  to  the  peripheral 
side  of  the  data  acquisition  system. 


7.  Conclusion 


The  first  year  of  the  projected  investigations  was  con¬ 
sumed  to  design  an  experimental  arrangement  suitable  for 
the  study  of  fretting  fatigue.  A  tribological  loading 
system  with  measuring  device  to  determine  the  mechanical 
standard  parameters  was  developed.  Computer  programs 
were  made  for  fretting  fatigue  tests  to  measure  the  me¬ 
chanical  parameters  characterizing  the  pad-specimen 
system  after  predetermined  numbers  of  loading  cycles. 
Preliminary  tests  run  satisfactory.  The  next  steps  are 
to  insert  the  possibility  of  crack  indication  by  the  mag¬ 
netic  induction  method  and  the  measurement  of  the  elec¬ 
trical  resistance  into  the  experimental  program.  To  get 
information  about  the  thermal  conditions  of  the  inter¬ 
face  region  the  application  of  infrared  microscope  and 
thermocouple  elements  should  be  proved. 
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